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ABSTRACT

This thesis describes a CAD-compatible circuit model for an inductive strip

centered in WR(90) fin-line with Wib < 1, E = 1. The circuit model is shown to

predict strip scattering coefficients which agree closely with those computed nu-

merically using the spectral domain method.
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I. INTRODUCTION TO FIN-LINE

The use of fin-line as a transmission structure for millimeter- wave integrated

circuits was first proposed by Meier in 1974 [Ref. 1]. The advantages of this

structure are low-attenuation, single mode operation, containment of spurious

emissions, ease of production, and compatibility with integrated circuit technol-

ogy. Fin-line has become established as a viable transmission structure, and,

therefore, studies contributing to its effective utilization are of widespread inter-

est.

Knorr and Shayda have applied the spectral-domain method to determine the

transmission characteristics of fin-line [Ref. 2: pp. 737-738] and Knorr [Ref. 3 pp.

1200-1201] has used the method to investigate the end effect in a shorted fin-line.

Lastly, Knorr and Deal [Ref. 5, 6] have used the spectral domain method to

compute the scattering coefficients of an inductive strip in fin-line. These studies

addressed the proper choice of basis functions and accurately determined the

fin-line guide wavelength and characteristic impedance as -well as the equivalent

reactance of a shorting septum, and the scattering coefficients of an inductive

strip.

One discontinuity of considerable practical importance is the inductive strip

in fin-line. It is used to construct simple resonators as well as more complicated

multi-resonator filters. The geometry for a fin-line is illustrated in Figure I on

page 2 and a cross-sectional view of the fin-line in which the strip resides is shown

in Figure 2 on page 2. Figure 3 on page 3 shows cross-sectional views of three

fin-line configurations [Ref. 4]. In the configuration of Figure 3b, the fins are

printed on opposite sides of a single dielectric substrate. Since the fins are directly

grounded to the metal waveguide walls, this configuration is applicable only to

passive devices. In the configuration of Figure 3c, however, the fins are printed

on the mating surfaces of the two dielectric substrates. Since the fins are insulated

from the waveguide at dc, bias may be introduced for active components.



4-h 2-101+f'ir+
4- 4

Figure -1. Cross-sectional view of a fiii-line.

.
AV

Figure 2. View of a fin-line strip of axial length T centered in a fin-line cavity.
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Figure 3. Three typical fin-line structures.
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The electric field in the plane containing the fins is predominantly in the x-
direction. A wave incident on the strip induces a current on the strip and the as-

sociated stored magnetic energy of the evanescent field gives the strip its inductive

property. If the strip is very long, the field decays with distance and the strip be-

haves like a shorting septum [Ref. 3: pp. 1196]. If the strip is sufficiently short,
the incident wave is partially backscattered and partially forward scattered. The
scattering coefficients S and S21 are functions of the strip width, fin separation,

dielectric constant, shield size, and strip length.

The purpose of this thesis is to develop a circuit model for the inductive strip
in homogeneous (E,= 1) unilateral fin-line. The model will be developed by

matching model data to numerical data derived from the spectral domain tech-

nique for different values of Wjb and TiD.

This model can be used to design millimeter wave filters. Thus, a good check
on the accuracy and utility of the model could be obtained by using the model to
design some filters and then comparing the measured and predicted performance

of the filters.
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II. MODELING THE WR(90) FIN-LINE

The integrated fin-line structure can be viewed as a slotline with a shield, a

ridged waveguide with dielectric, or a slab-loaded waveguide with fins. For thin

slabs with low values of E, the fin-line structure is essentially the same as a

narrow-width ridged waveguide. In practice, when fin-lines are constructed, the

dielectric material is often allowed to pass through the broad wall of the shield

[Ref. 2: pp. 737]. An additional dielectric spacer-may be used to provide complete

dc isolation of a fin from the shield. This allows biasing of solid-state devices

mounted between the fins [Ref. 2: pp. 737]. The integrated fin-line is often uti-

lized as a medium for constructing millimeter wave circuits. In this chapter we

model the fin-line using spectral domain data, for wavelength and characteristic

impedance.

For homogeneous fin-line the wavelength and characterictic impedance are

given exactly by the relations 1(a):

;.' 1 Zov)
A ;. (~)2 = (a)

beq 2' I(14- -)2

4, (2 _______t (lb)

2eq

where ).C and Zo0 are the cutoff wavelength and high-frequency limit impedance

of the fin-line.

Figure 4 on, page 6 shows a homogeneous fin-line structure as well as an

equivalent rectangular waveguide structure. Since the homogeneous rectangular
waveguide is governed by the same equations 1(a) for the cutoff wavelength and

characteristic impedance, we can construct a waveguide with dimensions aeq and

5
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Figure 4. Homogeneous fin-line and equivalent rectangular waveguide structures.

bq which will have the same cutoff wavelength and impedance as expressed in

equations l(b). The choice of WR(90) fin-line was made because some exper-

imental data existed for strips in homogeneous fin-line with W/b < I in the fre-

quency range of 8.0-12.0 GHz.

In equation (1), the values of and Z,, for each particular frequency and

for various values of W/b were determined by using the spectral domain tech-

nique for WR(90) fin-line.

Table 1 on page 7 shows the computed values of X and Z , for W/b =0.5.

Similar results for W/b= 1.0, 0.25, 0.2, 0.1, 0.05, 0.02, 0.01 are tabulated in Table

8 in Appendix A. Then, by using equation (1), the values of ). and Zo,. for each

frequency were calculated as shown in Table 2 on page 7. This table gives the

values of ) and Z,. for the frequency interval 8.0-12.0 GHz.

In order to find the values of aqia and bq /b to design our model we use the

equations:
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Table 1. Numerical values of-- and Zofor W/b= 0.5.

Frequency ).' W/b

8.0000 1.4665 424.2608 0.5

8.5000 1.3787 398.8695 0.5

9.0000 1.3165 380.7870 0.5

9.5000 1.2683 367.2257 0.5

10.0000 1.2344 356.7146 0.5

10.5000 1.2032 348.5253 0.5

11.0000 1.1806 341.7068 0.5

11.5000 1.1608 336.2265 0.5

12.0000 1.1466 331.0608 0.5

Table 2. Calculated values of cutoff wavelength and
characteristic impedance vs. W/b for
WR(90) fin-line.

W/b )ZoV

1.0 1.8 334.80

0.5 2.02 289.32

0.25 2.32 230.89

0.2 2.42 215.04

0.1 2.71 175.65

0.05 2.98 147.43

0.02 3.30 121.41

0.01 3.42 108.72

7



aeq Ac
- - 2a (2,a)
a 2a

- (q ,,oV10 a (2b)

where: qo = 120n

a = 900 mils

b = 400 mils.

Equations 2(a) and 2(b) are general equations for any value of a and b, which

have been derived by Knorr, so we can use them for the paricular case where the

relationship between the fin-line shield dimensions is b/a = 4/9.

Table 3. Calculated values of a,, /a and b,Slbvs. W/b

for WR(90) fin-line.

Wib ae ia beg ib

1.00 1.00 1.0000

0.5 1.12 0.9687

0.25 1.29 0.8888

0.2 1.34 0.8624

0.1 1.50 0.7892

0.05 1.65 0.7285

0.02 1.85 0.6623

0.01 1.90 0.6164

The computed values are tabulated in Table 3. Figure 5 on page 9 and

Figure 6 on page 10 shoy the plots of aeqla and bq /b vs. W/b respectively, where

by using a best fit curve program we determined the following polynomials of 5th

degree.
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ae &)7 .3 60 7 (L)+ 4 7 l.5 72 4(-LK)4 -289.3820(i-)'

74.0446( V - 9.8651("-L) + 1.9909

beq
bq 160.6892( -L)5 - 300.4026( _LV)4 + 176.6 337( _I)3-

b. (4)IV I V
41.2604( b + 4.7638(-) + 0.5763

These polynomials will be used to design the model of the fin-line structure.
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III. MODELING AN INDUCTIVE STRIP IN HOMOGENEOU3 FIN-LINE

The inductive strip in fin-line is used to construct simple resonators as well

as more complicated multi-resonator filters. The geometry for an inductive strip

is illustrated in Figure 2, Chapter 1.

The scattering coefficients S11 and S21 are functions of strip width, 'n sepa-

ration, dielectric constant, and strip length. The inductive strip is lossless, recip-

rocal, and symmetric, so its scattering matrix is unitary with S, = S22 and SI2=

S21 The unitary property leads to:

JS211 [I - ISI2]T (5)

'912 = Oil T6

where, in (6), the minus (-) sign is chosen because the strip is inductive. [Ref. 5:

pp. 1013]

Theoretically, the problem can be solved by applying the spectral-domain

method to fin-line resonators which are end- coupled by a thin, lossless strip. This

permits the scattering matrix of the strip to be computed as reported by Knorr

and Deal [Ref. 5: pp. 1011].

Some experimental measurements have been made to validate the numerical

data generated using the code written by Deal [Ref. 6]. To ease measurement

difficulties, all measurements were made using X-band test structures. Shield size

was 0.4x0.9 in WR(90) fin-line and the fins were centered in the shield. With no

dielectric, it is easy to establish the reference planes required for the measure-

ment. Figure 7 on page 14 and Figure 8 on page 15 show ISI and LSI1 for

different strip lengths in fin-line with W/b=0.5. Curves are presented for T=20,

12



50, 100, 200, and 500 mils. Similar data for W/b 0.25 and W/b 0.2 are shown

in Figures 18-19 and Figures 20-21 respectively, in Appendix B3.

The ultimate goal is to design a model of an inductive strip in a fin-line.

Typically, fin-line has a dielectric substrate with a dielectric constant > 1, but this,
increases the complexity of the problem, so the first step is to work With homio-

geneous (E,.= 1) fin-line.

Figure 9 on page 16 shows the circuit model of the inductive strip in fin- liine,

where T is the strip length and L is the inductance. As described in [Rcf. 7.], the

dimensidils of the waveguide will be aeq /2 and b,, which are evaluated by usinig

the computed values of ). and 7Z0,,, from Table 3 on page 8 for each diffcr'Cnt

value of W/b. The computed values of a,, and b,, will be used with the existinig

numerical and experimental- data for strips in WR(90) fin-line with W/b < I to

build a circuit model for the strips.

The computed scattering coefficients from the Tables 4, 8 and 9 were used to

create a data file for Wjb =0.5, 0.25, 0.2 and for T =240, 50, 100, 200, and 500

mils respectively as shown in Table 5 and Tables 10-23 in Appendix A. A

TOUCHSTONE circuit file then was created to compute the scattering coci'li-

cients of the circuit model as shown in Figure 10 on page l7and Figure I11 on

page 18.

Table 5. TOUCHSTONE data file of scattering coefficients for W/b= 0.5 T= 1001
ils.

I SCATTERIN'G PARAMIETERS:

I FREQ /SII/I <SII /S21/ '.S2I /S12/ 'SI2 /522/ <S22

8.0 .9649 153.6750 .2627 63.6750 .2627 63.6750 .9649 153.6750
8.5 .9517 149.4281 .3869 S9.4281 .3069 59.3069 .9517 149.4281
9.0 .9367 14S.2977 .I500 55.2937 .3500 55.2937 .9367 145.2937
9.5 .9193 141.5109 .3935 51.5109 .3935 51.5109 .9193 141.5109
10.0 .9002 136.9422 .435 46.8422 .4355 46.8422 .9002 136.8422
10.5 .8776 133.3406 .4794 43.3406 .4794 43.3406 .8776 133.3406
11.0 .8539 129.0234 .5204 39.0274 .5204 39.0234 .8539 129.0234
11.5 .8269 125.987S .S623 35,.9875 SE523 35.9875 Ma6 12S.9075
12.0 .7975 120.1500 .6034 30.1500 .6034 30.1500 .7975 120.1SO0
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2

Figure 9. Circuit model of an inductive strip in fin-line.

Our goal is to match the scattering characteristics of the strip model to the

computed scattering coefficients. By changing tile value of the inductance L, wc

can find the value for which we obtain the best fit to the computed data.

The comparisons between the computed scattering coefficients and those

predicted by the model for the case of W/b=0.5 and T= 100 mils are illustrated

in Figure 12 on page 19 and Figure 13 on page 20 which show the magnitude

and phase curves respectively. These curves were made by using the

TOUCHSTONE Microwave Circuit Simulator marketed by EEsof, Inc.,

Westlake Village, CA. By ,bserving the phase curve in Figure 12 we can see that

the error is about 3-4 % for the choice L = 8.2 nH.

Figure 14 on page 21 shows a Smith chart plot of calculated scattering cocf-

ficients S11 and S12 and those predicted by the model for the particular case of

W/b=0.5 and T= 100 mils.
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I CIRCUIT MODEL OF 0.ieg In, INDUCTIVE STIRIF : A(90)
FINLIME. W/b O .S, STRIP GEIITER1.

Dinl
FREO GHz
RES 0O4
1140 NH1
CAP pr
LNJG MIlL
TIMlE PS
C0110 /0OH
A14G DEG

VAR

b -400

T *100

*8.20

EON
X3 T/2

Xlatw (-247.3607*(U/b)*a9)
* X~aZw (471.5720'(14/b)-.4)

Xla3w (-Z9.39Z0e(U/b)sa3)
Xla4.m (74.04498MA/)sar2)
XtaSm (-9.SGSI*,(W/b))H.Ss~g
Aeq -(XlaI *X~aZ+x~a3+xla44xja5)sa

XlbZw ( -300.4026 (4 /b .4

Xlb4- ( -41l.Z604 a(u/b ) 1Z)
XlbS- (4.7G38-(U/bMe0.S7G,
Beq - (X~bI+x~b2+xb3.xb4+xtbS)0b

XI - Aeq/2

Figure 10. TOUCHSTONE circuit file computing the scattering coefficients of the
circuit model (part 1).

Similar plots can be obtained for W/b =0.5, 0.25, 0.2, and T =20, 50, 100,

200 and 500 mils in magnitude, phase, and on the Smith chart. These plots arc

illustrated in Figures 22-63 respectively and were obtained by using the con c-

sponding optimum value of L for each case. Table 6 on page 23 shows all Lic

predicted values of L for each particular case, along with those vaIlues of L for
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GflZ go tOO S.0

Figure 11. TOUCHSTONE circuit file computing the scattering coefficients of the
circuit model (part 2).

W/b = 1.0 as determined by Knorr [Ref. 7: pp. 13]. The table shows that as strip

length increases from T = 20 to 500 mils, the value of L decreases. As W/b de-

creases for each particular value of T, then again the inductance decreases.

Having obtained the inductance for the various strip lengths (T =20, 50, -100,

200, 500 mils) and for various values of W/b modeled previously, it is a simple

matter to explore the possibility that the curve L(T) can be approximated by
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Table 4. Computed scattering coefficients for WR(90) flu-linie for XV/b =0.5 and
T = 20, 50, 100, 200, and 500 muils (D = 10 mils).

FREQUENCY Sli Mag. S11 Phase S12 Nag. S12 Phase T OVER D
----- ----------------------------------------------------

8.0000 0.8918 150.0188 0.4525 60.0187 2.0000
8.5000 0.8576 145.6312 0.5143 55.6312 2.0000
9.0000 0.8217 141.4125 0.5700 51.4125 2.0000
9.5000 0.7852 137.8969 0.6193 47.8969 2.0000
10.0000 0.7508 133.8047 0.6606 43.8047 2.0000
10.5000 0.7140 131.1328 0.7001 41.1328 2.0000
11.0000 0.6799 127.8141 0.7333 37.8141 2.0000
11.5000 0.6451 124.9875 0.7641 34.9875 2.0000
12.0000 0.6150 120.8100 0.7940 30.8100 2.0000

FREQUENCY S11 Hag. S11 Phase S12 Hag. S12 Phase T OVER D
------------ --------- --------- --------- --------- ---------8.0000 0.9312 152.0859 0.3645 62.0859 5.0000

8.5000 0.9079 147.7547 0.4191 57.7547 5.0000
9.0000 0.8832 143.6344 0.4690 53.6344- 5.0000
9.5000 0.8560 140.0484 0.5170 50.0484 5.0000

10.0000 0.8283 135.6750 0.5603 45.6750 5.0000.
10.5000 0.7981 132.6094 0.6026 42.6094 5.0000
11.0000 0.7685 128.8687 0.6399 3.67 500
11.5000 0.7371 125.5500 0.77 35.5507 5.0000
12.0000 0.7062 121.6406 0.7000 31.6406 5.0000

FREQUENCY 511 Hag. S11 Phase S12 Hag. S12 Phase T OVER D----- -----------------------------------------------------
8.0000 0.9649 153.6750 0.2627 63.6750 10.0000
8.5000 0.9517 149.4281 0.3069 59.4281 10.0000
9.0000 0.9367 145.2937 0.3500 55.2937 10.0000
9.5000 0.9193 141.5109 0.3935 51.5109 10.0000

10.0000 0.9002 136.0422 0.4355 46.8422 10.0000
10.5000 0.8776 133.3406 0.4794 43.3406 10.0000
11.0000 0.8539 129.0234 0.5204 39.0234 10.0000
11.5000 0.0269 124.9875 0.5623 34.9875 10.0000
12.0000 0.7975 120.1500 0.6034 30.1500 10.0000

FREQUENCY 511 Nag. Sil Phase S12 Hag. 512 Phase T OVER D----- ------------------------------------------------------
8.0000 0.9862 153.4641 0.1656 63.4641 20.0000
8.5000 0.9848 150.5531 0.1736 60.5531 20.0000
9.0000 0.9789 146.3062 0.2045 56.3062 20.0000
9.5000 0.9714 142.3406 0.2375 52.3062 20.0000

10.0000 0.9625 137.4609 0.2714 47.4609 20.0000
10.5000 0.9501 133.4250 0.3120 43.4250 20.0000
11.0000 0.9355 128.4750 0.3532 38.4750 20.0000
11.5000 0.9161 123.4125 0.4010 33.4125 20.0000
12.0000 0.8928 117.4078 0.4505 27.4078 20.0000

FREQUENCY 511 Hag. 511 Phase S12 Hag. S12 Phase T OVER D
------- ------ ------ ------------- --------

8.0000 0.9999 150.3000 0.0255 60.3000 50.0000
8.5000 0.9995 148.4437 0.0355 58.4437 50.00009.0000 0.9989 146.5875 0.0464 56.5875 50.0000
9.5000 0.9904 142.7625 0.0557 52.7625 50.0000

10.0000 0.9975 137.5875 0.0709 47.5875 50.0000
10.5000 0.9960 133.3125 0.0895 43.3125 50.000011.0000 0.9934 127.6172 0.2151 37.6172 50.0000
11.5000 0.9887 121.G2GG 0.1501 31.6266 50.0000
12.0000 0.9802 113.8641 0.1900 23.9641 50.0000
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Table 6. Predicted values of L vs. W/b for WR(90) fin-line and strip length T using

the polynomial form.

Wib T=20 T=50 T = 100mils T=200 T=500
mmils ils mils mils

1.00 27.00 23.00 20.000 17.00 16.00
0.5 10.70 9.30 8.200 7.20 5.90

0.25 6.60 5.65 5.005 4.20 3.82
0.2 4.89 4.18 3.550 3.06 2.70

some simple analytical exp,'ession. A good fit to these data is the polynomial form

of 5th degree, which can be found using a best fit curve program:

a) for W/b = I.C:

L 0.0003(- L) - 0.0270( - )4 +o.6 9 9 9 (-T )3 - 6.8761(-L)2 T
- ~ D 'D D D 2.634D~.

b) for W/b =0.5:

L = 0.0001( -)5 0.0105( -T4 + 0.2729( T3 2.6880( + 9.7166(T
D D )D D D.80--

c) for W/b =0.25:

L =0.0001( -)5-0.0066( - )4 +0.1711 - 1.6789( -T-) + 6.0250( T

d) for W/b =0.2:

L=0.0001(-fT)5 -0.0048(-) + 0.1256( - 1.2381( + T2D)
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Figure 15 on page 24 shows the graphs of the model inductance L as a

function of T.

Another possible form which can fit these data is an exponential curve which

has the following form for each value of W/b:

a) For W/b= 1.0: L 16 + 14.4 * exp(-T/75) nH

b) for W/b=0.5: L = 5.9 +5.769 * exp(-Ti108.738) nH

c) for W/b=0.25: L = 3.82 + 3.44 * exp(-T/93.8187) nH

d) for W/b=0.2: L - 2.7 + 2.7746 * exp(-Ti84.529) nH

where strip length T is in mils.

We can see that as W/b decreases the value of the inductance decreases. This

reflects the fact that as the space between the fins decreases, a strip of fixed

length will reflect a higher fraction of the incident power. Table 7 shows the

calciilatcd values of L using these exponential formulas for each value of T.

Figure 16 on page 26 shows the graphs of the model inductance L, as a function

of the strip length T, for W/b = 1.0, 0.5, 0.25, 0.2. The values listed on Table 7

are circled on the graphs.

Table 7. Predicted values of L vs. W/b for WR(90) fin-line and strip length T using
the exponential forin.

W/b T= 20 T=50 T = 100mils T=200 T=500
mils mils mils mils

1.00 27.000 23.000 20.0000 17.000 16.000
0.5 10.699 9.540 8.1900 6.816 5.958

0.25 6.599 5.839 5.0049 4.228 3.836
0.2 4.889 4.235 3.5499 2.960 2.707
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Comparing the values of L between Table 6 on page 23 and Table 7, we see that

there is a slight difference between them. Figure 17 on page 27 shows the dif-

ference between the exponential and polynomial form for each value of W, b.

27



LEGEN
A 

PL-P-OO L 0FO,

.....
U .. ...

.,. 
....L ----..L.----.L.---.... ..

I I a I I I aI * a a a a

* I I I II

F 1 D b O e a p

inutac L, fo a = 0.,02,02

S a a a a I Ia a2

- I I a a a I a Ia.'.. I a a a I a a
S; a I I a a Ia a a a t a tt I a a ! a a

aI a . a a a a a S I I a a a S a' I a , a a O a a a a a , a a

,* 1... , , , , , ,a * .a a a a I " a a a a a a a a a

a .,aa a a a.. a' ... a ,

I a o r a. a a a a a a a Ia a a a

I ! I I a a g * * * I

o a a I a" a a a ! a a a I I Ia a a a a a I I
I I a '" " , _ a a oa" a aT"a a .... --"*- a..-:'r -=--,. I.-- I-- -

a0 6' aO al a4 a7 a0 a$ a6 O I O a6 a8 a1 44 4I 6

Figure 17. Difference between te exponential and polynomial plots of tne model
inductance L, for W/b = 0.5, 0.25, 0.2.
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IV. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

This thesis describes a circuit model for an inductive strip in fin-line for the
homogeneous case, where E,2 = I and any value of W/b in the range 0 < W/b < 1

is permitted.

The characteristics of integrated fin-line transmission line are reviewed. Fin-

line is compatible with batch- processing techniques and superior to microstrip in

several respects at millimeter wavelengths. Relative to microstrip, fin-line can
proN ide less stringent tolerances, greater freedom from radiation and higher mode

propagaticon, better compatibility with hybrid devices, and simpler interfaces with

waveguide instrumentation [Ref. 1: pp. 1209].

The models discussed here were determined for the 8-12 GHz frequency

range using WR(90) waveguide for reasons related to availability of test instru-

mentation and ease of fabrication. It was in this frequency range that exper-

imental data was available to verify the numerical data generated using Deal's

code [Ref. 6]. Numerical data was used to develop the circuit model. X-band

was chosen as a starting point to ensure that the model was based on accurate

data. Thus the design of a fin-line model was needed for b;'a =4j9. The values of

the cutoff wavelength and the high frequency impedance limit were determined

for different values of Wib ( Wib=0.5, 0.25, 0.2, 0.1, 0.05, 0.02, 0.01) using

spectral domain data.

The circuit model is elegant in its simplicity, consisting of parallel, below

cutoff waveguide sections with lumped inductors at each end. The values of the

equivalent dimensions were obtained by using equations (2), which were derived

by Prof. Knorr for various values of W/b.

The model was developed using data for strips with lengths of T = 20, 50, 100,

200, and 500 mils. The value of lumped inductance was determined by ',aiying

L to obtain the best agreement between the value of LS, predicted by the circuit

model and the value of LS11 computed numerically for strips of various lengths
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in WR(90) fin-line. Good agreement was obtained in all cases and the optimum

values of inductance were used to determine a function L(T).

The good agreement that has been obtained between model data and numer-

ical data suggests that the model may be used to design millimeter filters for

communication systems, high-resolution imaging, collision avoidance radars, and

enviromental monitoring equipment [Ref. 1: pp. 1215].

B. RECOMMENDATIONS

As a result of the success achieved in the modeling effort reported here, there

are several areas which appear fruitful for future investigation.

1. Develop a model for strips centered in finline with W/b = 0.1, 0.05, 0.02,
0.01, E 2

= I.

2. Investigate the relationship of strip length to the coefficients of the
polynomial which describes the function L(T).

3. Develop a model for inductive strips which are off- centcred with Wb < 1,
E 2 1.

4. Develop a model for the general case of a strip printed on a dielectric
substrate with W/b < 1.
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APPENDIX A. TABLES

Table 8. Computed scattering coefficients for WR(90) fin-line for W/b= 0.25 and
T= 20, 50, 100, 200, and 500 mils (D = 10 nils).

FREQUENCY S11 Hag. S11 Phase S12 Hag. S12 Phase T OVER D

8.0000 0.9314 155.5734 0.3640 65.5734 2.0000
0.5000 0.9134 152.0578 0.4070 62.0578 2.0000
9.0000 0.0938 149.3430 0.4485 59.3438 2.0000
9.5000 0.8720 146,5172 0.4095 56.5172 2.0000

10.0000 0.8494 143.7180 0.5277 53.7188 2.0000
10.5000 0.0256 140.4563 0.5643 50.4563 2.0000
11.0000 0.7992 138.1219 0.6010 40.1219 2.0000
11.5000 0.7725 134.9719 0.6350 44.9719 2.0000
12.0000 0.7447 132.3562 0.6674 42.3562 2.0000

FiEQUiNCY S11 Hag. SII Phase S12 Hag. S12 Phase T OVERt D

0.0000 0.9591 157.0070 0.2032 67.0070 5.0000
8.5000 0.9476 153.5625 0.3195 63.5625 5.0000
9.0000 0.9347 150.9609 0.3553 60.9609 5.0000
9.5000 0.9202 148.1344 0.3915 58.1344 5.0000
10.0000 0.9035 115.1250 0.4287 55.1250 5.0000
]0.5000 0.8055 141.8062 0.4647 51.0062 5.OOCO
11.0000 0.8648 139.1906 0.5021 49.1906 5.0000
11.5000 0.8423 135.6187 0.5389 45.6187 5.0000
12.0000 0.8174 132.5531 0.5760 42.5531 5.0000

FREOUENCY S11 Hag. 11 Phase S12 Hag. S12 Phase T OVER O

8.0000 0.9755 ]56.6281 0.2190 66.6255 10.0000
8.5000 0.9739 154.5108 0.2270 64.5108 10.0000
9.0000 0.9667 151.8750 0.2561 61.8750 10.0000
9.5000 0.9577 148.9781 0.2877 58.9701 10.0000

10.0000 0.9472 145.8984 0.3207 55.8984 10.0000
10.5000 0.9351 142.3266 0.3544 52.3266 10.0000
11.0000 0.9201 139.4297 0.3917 49.4297 10.0000
11.5000 0.9023 135.4359 0.4311 45.4359 10.0000
12.0000 0.0808 131.6953 0.4736 41.6953 10.0000

FREQUENCY S11 Hag. S11 Phase S12 Hag. S12 Phase T OVER D
---------------------------------------------------------

0.0000 0.9900 157.9996 0.1350 67.9996 20.0000
8.5000 0.9895 154.8844 0.1400 64.8044 20.0000
9.0000 0.9893 152.3250 0.1460 62.3250 20.0000
9.5000 0.9050 149.3719 0.1678 59.3719 20.0000
10.0000 0.9812 146.2078 0.1932 56.2078 20.0000
10.5000 0.9749 142.2984 0.2225 52.2984 20.0000
11.0000 0.9664 138.9937 0.2570 48.9937 20.0000
1.5000 0.9551 134.4516 0.2964 44.4516 20.0000
12.0000 0.9394 129.9516 0.3429 39.9516 20.0000

FREQUENCY S11 Hag. S11 Phase S12 Hag. S12 Phase T OVER D
--------------- --------- --------- --------- --------- ---------

8.0000 0.9999 153.3987 0.0141 63.3987 50.0000
8.5000 0.9990 152.5325 0.0190 62.5325 50.0000
9.0000 0.9996 150.8792 0.0283 60.8792 50.0000
9.5000 0.9994 148.5981 0.0346 58.5981 50.0000
10.0000 0.9908 146.1797 0.0491 56.1797 50.0000
10.5000 0.9980 142.1859 0.0628 52.1059 50.0000
11.0000 0.9966 130.5297 0.0024 40.5297 50.0000
11.5000 0.9941 133.2904 0.1080 43.2984 50.0000
12.0000 0.9089 127.7156 0.1404 37.7156 50.0000
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Table 9. Computed scattering coefficients for WR(90) fin-line for W/b=0.2 and
T= 20, 50, 100, 200, and 500 mils (D = 10 mils).

FRCQUCNCY S11 Hag. S11 Phase S12 Hag. S12 Phase T OVER D
------------- --------- --------- --------- --------- ---------8.0000 0.9416 157.4156 0.3367 67.4156 2.00008.5000 0.9266 154.4906 0.3761 64.4906 2.0000

9.0000 0.9103 151.7906 0.4140 61.7906 2.00009.5000 0.0922 148.5562 0.4516 58.5562 2.000010.0000 0.8725 145.8984 0.4886 55.0984 2.000010.5000 0.8511 143.3953 0.5250 53.3953 2.0000
11.0000 0.8282 140.8922 0.5605 50.8922 2.000011.5000 0.8036 138.1219 0.5951 48.1219 2.000012.0000 0.7780 135.0422 0.6283 45.0422 2.0000

FREQUENCY $11 Hag. S11 Phase S12 Hag. S12 Phase T OVER D
-------------------------------------------------------

8.0000 0.9653 158.6531 0.2613 68.6531 5.0000
8.5000 0.9559 155.7984 0.2936 65.7984 5.00009.0000 0.9456 153.2109 0.3253 63.2109 5.00009.5000 0.9336 150.0188 0.3583 60.0187 5.000010.0000 0.9197 147.2203 0.3926 57.2203 5.000010.5000 0.9041 144.6187 0.4273 54.6187 5.000011.0000 0.8861 141.8766 0.4636 51.8766 5.0000
11.5000 0.8658 138.7969 0.5004 48.7969 5.0000
12.0000 0.8437 135.3375 0.5369 45.3375 5.0000

FREQUENCY $11 Hag. 511 Phase S12 Hag. S12 Phase T OVER D
------------- - --------- --------- --------- ---------

8.0000 0.9793 159.2248 0.2000 69.2248 10.0000
8.5000 0.9770 156.2484 0.2134 66.2484 10.00009.0000 0.9725 154.0125 0.2327 64.0125 10.00009.5000 0.9656 150.7078 0.2601 60.7078 10.0000
10.0000 0.9565 147.8109 0.2917 57.8109 10.0000
10.5000 0.9463 145.0687 0.3232 55.0687 10.000011.0000 0.9333 142.0453 0.3590 52.0453 10.000011.5000 0.9179 138.6141 0.3967 48.6141 10.0000
12.0000 0.8991 134.5922 0.4377 44.5922 10.0000

FREQUENCY S11 Hag. S11 Phase S12 Hag. 512 Phase T OVER D--------------------------------------.-------------------
8.0000 0.9935 159.1025 0.1138 69.1025 20.00000.5000 0.9925 156.9352 0.1222 66.9352 20.00009.0000 0.9915 154.6210 0.1301 64.6210 20.00009.5000 0.9885 151.0075 0.1513 61.0875 20.000010.0000 0.9047 148.0641 0.1743 58.0641 20.0000
10.5000 0.9794 145.0266 0.2018 55.0266 20.000011.0000 0.9723 141.7078 0.2339 51.7078 20.000011.5000 0.9623 137.7703 0.2719 47.7703 20.000012.0000 0.9486 132.9891 0.3165 42.9891 20.0000

FREQUENCY SII Hag. S11 Phase S12 Hag. 512 Phase T OVER 0
------------ --------- --------- ------ --------- ---------

8.0000 0.9998 152.6000 0.0200 62.6000 50.0000
8.5000 0.9997 151.4000 0.0245 61.4000 50.0000
9.0000 0.9996 150.4500 0.0202 60.4500 50.00009.5000 0.9994 148.9000 0.0346 58.9000 50.0000
10.0000 0.9991 147.8000 0.0424 57.8000 50.000010.5000 0.9984 144.9141 0.0 64 54.9141 50.0000
11.0000 0.9973 141.2859 0.0741 51.2859 50.000011.5000 0.9951 136.8141 0.0990 46.8141 50.0000
12.0000 0.9906 130.9922 0.1370 40.9922 50.0000
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Table 10. Touchstone data file containing the computed scattering coefficients of an
inductive strip of length T=20 mils centered in WR(90) fin-line,
W/b = 0.5.

SCATTERING PARAMETERS:

IFREQ /S11/ <S11 /S21/ <S21 /S12/ <S12 /S22/ <S22

8.0 .8918 ISO.0188 .452S 60.0188 .4625 60.0188 .8918 ISO.Ole8
8.S .8576 !4S.6312 .5143 66.6312 .6143 55.6312 .8576 145.6312
9.0 .8217 141.412S .S700 S1.412S .6700 S1.4125 .8217 141.4!2S
9.S .7852 137.8969 .6193 47.8969 .6!93 47.8969 .7862 137.8969
18.0 .7SOB 133.8047 .6606 43.8047 .6606 43.8047 .7508 133.8047
10.5 .7140 131.1328 .7001 41.1328 .701 41.1329 .7140 131.1328
11.0 .6799 127.8141 .7373 37.8141 .7333 37.8141 .6799 127.8141
11.5 .6451 126.9875 .7641 36.9876 .7641 36.9875 .6451 125.987S
12.0 .61S 121.8180 .7940 31.810O .7940 31.8100 .6150 121.8100
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Table 11. Touchstone data rle containing the computed scattering Coefficienits of .111
inductive strip of length T= 50 mils centered in WR(90) fin-line,
W/!) = 0.5.

I SCATTERIHG PARAMETES:

!FREQ /S11/ <SI, /S21/ 'S21 /S12/ <512 /SIU2i 'S22

8.0 .9591 157.0078 ._M-2 67.0@78 .2832 67.0078 .9591 157.007e
8.5 .9476 153.5625 .319S 63.5625 .3195 63.SG2S .9476 193.S625
9.0 .9347 150.9609 .3SS3 60.9609 .3553 60.9609 .9347 MA0.SH
9.5 .9202 148.1344 .391S S8.1344 .3915 58.1344 .9202 148.1344
10.0 .9035 14S.1250 .4297 55.1250 .4287 S5.125e .9035 145.1250
10.5 .8855 141.8062 .4647 51.9062 .4647 S1.8962 .8955 141.8@62
11.0 .8648 139.1906 S@021 49.1906 S@021 49.1906 .8648 139.19C)6
11.5 .8423 13S.6187 .S389 4S.6197 .S389 4S.6187 .8423 13S.6187
12.0 .8174 132.5531 .S760 42.5531 .5760 42.553.1 .8174 132.55371
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Table 12. Touchstone data file containing the computed scattering coefficients of anl
inductive strip of length T= 200 mnils centered in WRZ(90) fin-line,
W/b1)= 0.5.

1 SCATTERING PARAMETERS:

1FP.EQ /511/ <S11 /S21/ <S21 /S12/ <S12 /S22/ <922

e.0 .9314 155.5734 .3640 65.5734 .3640 65.5734 .9314 155.774
8.5 .9134 152.0578 .4070 52.0578 .4070 62.0578 .9134 152.0578
9.0 .8938 149.343e .446S 59.3438e .4485 59.3438 .8938 149.3438
9.S .8720 146.5172 .4895 56.5172 .4895 S6.5172 .8720 14G.5172
10.0 .8494 143.7188 S5277 537.7188 .5277 S3.71e8 .8494 143.7188
10.5 .8256 140.4S63 .5643 50.4563 .5643 50.4563 .8256 140.4S63
11.0 .7992 138.1219 .6010 48.1219 .6010 48.1219 .7992 138.1219
11.5 .7725 134.9719 .6350 44.9719 .6350 44.9719 .7725 134.9719
12.0 .7447 132.3S62 .6674 42.3562 .6674 42.3562 .7447 132-3562
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Table 13. Touchstone data file containing the computed scattering coefficients of an
inductive strip of length T= 500 mails centered in WVR(90) finl-linec,
W/b= 0.5.

I SCATTERING PARAMETERS:

I FREQ /SII/ <S11 /S21/ <521 /S12/ 'B-12 /S22/ <S22

8.0 .9999 I50.3000 .0255 60.3000 .0255 60.3000 .9999 150.3000
9.5 .999S 148.4437 .0355 58.4437 .03S5 59.4437 .999S 149.4437
9.0 .9989 146.5875 .0464 56.5875 .0464 56.5875 .99?9 146.5875
9.5 .9984 142.762S .G557 S2.762S .0557 SI2.7625 .9984 142.762S
10.0 .9975 l37.S87S .0709 47.5875 .0709 47.5875 .9975 137.587S
10.5 .9960 133.312S .089S 43.312S .0895 43.312S .9960 133.312S
11.0 .9934 127.6172 .1151 37.6172 .1151 37.6172 .9934 127.6172
11.5 .9887 121.6266 .1SO1 31.6266 .1S01 31.6166 .9897 121.6266
12.0 .9802 113.8641 .1980 23.8641 .1980 23.8641 .9802 113.8641
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Table 14. Touchstone data file containing the computed scattering coefficients of an
inductive strip of length T= 20 ils centered in WR(90) filu-line,
NY/b =0.25.

I SCATTERING PARAMIETERS:

I FP.EQ /Sit/ <S11 /S21/ <1221 /512/ <512 /SZZ/ <S22

8.0 .9314 IS5.S734 .3640 65 5734 .3640 65.5734 .9314 ISS.5734
8.5 .9134 152.0578 .4070 62.0579 .4070 62.0S78 .9134 ISZ.@S78
9.0 .89--8 149.3438 .4495 59.3438 .4485 59.3438 .8938 149.3438
9.5 .8720 146.5172 .4895 S6.5172 .489S S6.S172 .8720 146.5172
10.0 .8494 143.7188 .5277 53.7188 .5277 S3.7188 .8494 143.718e
10.5 .8256 140.4563 .5643 50.4563 .5643 50.4563 .8256S .140.4563
11.0 .799,' 138.1219 .6010 49.1219 .6010 48.1219 .7992 138.1219
11.5 .7725 134.9719 .6350 44.9719 .6350 44.9719 .7725 134.9719
12.0 .7447 132.3S62 .6674 42.3562 .6674 42.3562 .7447 132.3562
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Table 15. Touchstone data file containing the computed scattering coefficients of .111
inductive strip of length T= 50 muils centered in WR(90) fin-hune,
W/ b= 0.25.

I SCATTERINIG PA~RAMETERS:

FREQ /S11/ <S1I /S2I1/ ' /S12/ (6S12 /S22/ '.SZ2

8.0 .9591 167.0078 .2932 67.0@7e .2e32 67.0078 .9591 167.0078
9.S .9476 153.6626 .3199 63.6626 .319S 63.6625 .9476 153.5625
9.0 .9347 150.9609 .3663 60.9609 .3SS3 60.96@9 .9347 160.9609
9.6 .9702 149.1344 .391S 58.1344 .391S S8.1344 .9202 148.1344
10.0 .9036 1415.1250 .4297 55.1250 .4287 56.1260 .903S 145.1250
10.5 .8666 141.8062 .4647 51.9062 .4647 51.8962 .8665 141.8062
11.0 .8648 139.1906 .6021 49.1906 S5021 49.1906 .9648 139.1906
11.5 .9423 13S.6187 .S389 45.6197 .5389 4S.6187 .8423 13S.6187
12.0 .8174 132.5531 .6760 42".5531 .S760 42.5631 .8174 132.5631
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Table 16. Touchstone data file containing the computed scattering coefficients of all
inductive strip of length T= 100 muils centered in WR(90) fin-line,
W/b =0.25.

I SCATTERING PARAMETERS:

I FREQ /SI/ <Si) /S21/ 'S21 /S12/ <S12 /2/ .2

8.0 .9755 I56.6281 .2198 66.6281 .21913 66.628) .975S 156.6281
8.'S .9739 1S4.5188 .2270 64.5)88 .2270 64.5789 .9739 154.598e
9.0 .9667 151.8750 .256) 61.8750 .2561 61.8750 .9667 151.8750
9.5 .9577 149.9781 .2977 58.9781 .2977 59.9781 .977 148.9781
10.0 .9472 14S.8984 .3207 55.8984l .3207 5S.8984 .9472 145.8984
10.5 .935) 142.3266 .3544 52.3266 .3544 S2.3266 .93S) 142.3266
11.0 .9201 139.4297 .3917 49.4297 .3917 49.4297 .9201 139.4297
11.5 .9023 135.4359 .4311 49.43S9 .4311 45.4359 .9023 13S.4359
12.0 .8808 131.6953 .4736 41.6953 .4736 41.6953 .880e 131.69S3



Table 17. Touchistonie data file containing the computed scattering coefficients of an
Inductive strip of length T= 200 inils centered in WR(90)
fiii-llne,W/b = 0.25.

I SCATTERING PARAIIETEPS:

I FREQ /S11 <l Si1 /S211/ <S21 /S12/ /Silt /S,"2/ <S22

8.0 .9900 157.999S .1350O 67.9996 .13SO 67.9996 .9900 167.9998
B.S .9896 1S4.8844 .1400 64.9844 .1400 64.8844 .9895 154.8844
9.0 .9893 152.32S0 .1460 62.3250 .1460 62.3Z50 .9893 IS2.32S0
9.5 .9858 149.3719 .1678 S9.3719 .1678 S9.3719 .9858 149.37J9
10.0 .9812 146.2079 .1932 56.2078 .1932 56.2078 .9e12 146.2078
10.5 .9749 142.2984 .2225 52.2984 .222S 52.2984 .9749 142.2984
11.0 .9664 138.9937 .2570 48.9937 .2570 48.9937 .9664 138.9937
11.5 .9551 134.4516 .2964 44.4516 .2964 44.4S15 .9551 134.4516
12.0 .9394 129.9516 .3429 39.9516 .3429 Z59.95l6 .9394 129.9516
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Table 18. Touchstone data file containing the computed scattering coefficients of an1
Inductive strip of length T= 500 mils centered in WR(90) fiji-line,

N zt-0.25.

ISCATTERING PARAMETERS:

IFREQ /S11/ (Sn1 /S21/ eS21 /S12/ <S12 /522/ <522

8.0 .9999 153.3987 .0141 63.3987 .0141 63.3997 .9999 153.3987
8.5 .9998 lS2.S325 .0190 62.S32S .0190 62.S325 .9998 1S2.S32S
9.0 .9996 150.8792 .0283 60.8792 .028! 60.8792 .9996 150.8792
9.5 .9994 148.S981 .0346 se.s981 .0346 SO.5991 .9994 148.5981
10.0 .9988 146.1797 .@491 S6.1797 .0491 S6.1797 .9988 145.1797
l0.S .9980 142.1859 .0628 S2.18S9 .0628 S2.18S9 .9980 142.18S9
11.0 .9965 138.S297 .0824 48.5297 .0e24 48.S297 .9966 138.5297
11.S .9941 133.2984 .1089 43.2984 ioe8e 43.2984 .1099 133.2984
12.0 .9889 127.71S6 .1484 37.7196 .1484 37.7156 .9889 127.71S6
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Table 19. Touchstone data file containing the computed scattering coefficients of an1
inductive strip of length T= 20 mnils centered in WVR(90) fin-line,
NV/b = 0.2.

I SCATTERING PARAMETERS:

I FREQ /S11/ <Sil /S21/ <S21 /S12/ 'S12 /S22/ <S22

2.0 .9416 157.4156 .3367 67.4156 .3367 67-41S6 .9416 IS7.4tS6
8.5 .9266 154.4906 .3761 64.4906 .3761 64.4906 .9266 IS4.4906
9.0 .9103 151.7906 .4140 61.7906 .4140 61.7906 .91o3 151.7906
9.5 .8922 148.5S62 .4516 58.5562 .4516 58.S562 .8922 148.5562
10.0 .872S 145.8984 .4886 55.8994 .48e6 55.8984 .8725 I4S.e984
10.S .B511 143.3953 .5250 53.3953 .5250 S3.3953 .8511 143.3953
11.0 .8282 140.8922 .56O5 50.8922 .5605 50.8922 .8282 140.8922
11.5 .8036 138.1219 .S9S1 48.1219 .595I 49.1219 .8036 139.1219
12.0 .7780 135.0422 .6283 45.0422 .628H 45.0422 .7780 13S.0422
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Table 20. Touchstone data file containing the computed scattering coefficients of anl
inductive strip of length T=5 mI iils centered in AVR(90) fin-line,
W/b = 0.2.

I SCATTERING PARAMETERS:

IFREQ /Sit/ <S11 /S21/ <S2I /S12/ /SI2 /S".2/ <S22

8.0 .9653 158.6531 .2613 68.6531 .2613 68.6513 .9653 159.6531
8.6 .SSS 155.7994 .2936 6S.7994 .2935 65.7984 .95S9 IS5.7984
9.0 .9456 153.2109 .32S3 63.2109 .32S3 63.2109 .9456 153.2109
9.5 .9336 150.0188 .3583 60.0188 .3S83 60.0189 .9336 150.0168
10.0 .9197 147.2203 .3926 S7.22037 .3926 S7.2203 .9197 147.2203
10.5 .9041 144.6!e7 .4273 S4.6187 .4273 S4.6187 .9041 144.6187
11.0 ee861 W4.8766 .4636 S1.8766 .4636 S1.8766 .e861 141.8766
11.5 .86S8 138.7969 S50@4 49.7969 .SO04 48.7969 .86S8 138.7969
12.0 .8437 135.3375 .5369 45.3375 .5369 4S.337S .84377 13S.337S
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Table 21. Touchstone data file containing the computed scattering coefficienits of in
inductive strip of length T= 100 mils centered in WR(90) fin-line,
W/b = 0.2.

I SCATTERING PARAHETERS:

I FREQ /SII/ <Sil /S21/ KS21 /S121 esil !S22/ (5c-22

8.0 .9793 159.2249 .2000 69.2248 .2000 69.2249 .9793; 159.2248
8.5 .9770 156.2484 .2134 66.2484 .2134 66.2484 .9770 1S6.2484
9.0 .9729 154.012S .2327 64.0125 .2327 64.0125 .972S 154.012S
9.5 .96S6 150.7078 .2601 60.7078 .2601 60.7078 .9656 150.7078
10.0 .956S 147.8109 .2917 S7.8109 .2917 S7.8109 .9565 147.e109
1@.5 .9463 14S.0687 .32372 55.0687 .3232 SS.0687 .9463 14S.0697
11.0 .9333 142.0453 .3590 5-2.0453 .3590 52.0453 .9333 142.04S3
11.S .9179 138.6141 .3967 48.6141 .3967 48.6141 .9179 13e.6141
12.0 .8991 134.S922 .4377 44.S922 .4377 44.592?2 e991 134.S922
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*Table 22. Touchstone data tile containing the computed scattering coefficients of all
inductive strip of length T =200 mils centered in NVR(90) fin-line,
W/b = 0.2.

ISCATTERING PARAMETERS:

I FREQ /SII/ <Sit /S21/ *521 /S12/ '.S12 /S221/ <S22

8.0 .993S 159.1025 .11-18 69.102S .1139 69.10:s .9935 1S9.1025
8.5 .9925S 156.93S2 .1222 66.9352 .1222, 66.9352 .9925 156.9352
9.0 .9915 154.6210 .1301 64.6210 .1301 64.6210 .991s 154.6210
9.5 .9BBS I51.087S .1513 61.0875 .1513 61.097S .998S 151.0397S
10.0 .9e47 148.0641 .17,13 50.0641 .1743 58.0511 .9047 148.0641
10.5 .9794 14S.0266 .2018 S5.0266 .2019 5S.0266 .9794 14S.0266
11.0 .9723 141.707e ."339 51.7070 .231-9 S1.7078 .9723 141.7078
U.S .9623 137.7703 .2719 47.7703 .2719 47.7703 .2719 137.7703
12.0 .9486 132.9891 .316S 42.9891 .316S 42.9e91 .316S 132.3165
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Table- 23. Touchstone data file contalining the- computed -scatterinig coefficients of an
inductive strip of -length T= 500 mils centered. In WR(90) finl-linle,
XV/b = 0.2.

I SCATTERING PARAMETERS:

IFREQ /SlI/ <Si! /S21/ <S21 /S12/ '/S12 /S22/ <S22

8.0 .9998 162.6000 .0200 62.G000 .0200 62.6000 .9998 IS2.6000
8.5 .9997 I51.4000 .024S- G1.4000 .024S G1.4000 .9997 I51.4000
9.0 .999G I50.4500 .0282 60.4500 .02e2 60.4600 .9996 160.4500
9.5 .9994 148.9000 .0346 S8.9000 .0346 S8.9000 .9994 148.9000
10.0 .9991 147.8000O .0424 S7.8000 .0424 S7.8000 .9991 147.8000
10.5 .9984 1-44.9141 O0SG4 54.9141 OS64 54.9141 .9984 144.9141
11-.0 .9973 141.2859- .0741 51.2859 .0741 51.28S9 .9973- 141.28S9
11.6S .9951 136.8141 .0990 46,8141 .0990 46.e141 .-996 -13G.8141
12.0 .9906 130-9922 .-1370 40.9922 .1370 40.9922 .9906 130.9922
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